To minimise the effects of coal mining, decent environmental management is necessary to stabilise the land so it is productive after mine closure. The Ministry of Energy and Mineral Resources (MEMR) regulates that a mine reclamation plan is mandatory for the mine permit holder. This is a requirement of the permit application. Once the mine reclamation plan is approved, the mine permit holder has to place a bond in the national bank to cover the mine reclamation costs. MEMR also sets out the criteria for successful reclamation to be accomplished by the mine reclamation program. This includes area compliance, land re-contouring, revegetation and final completion. This research aimed to discover what mine reclamation period is required to successfully meet the criteria. The data was taken from the results of evaluations conducted by MEMR between 2009 and 2018 for 30 coal companies with a total of 277 reclamation areas. The data was analysed with Kruskal-Wallis ANOVA and Mann-Whitney test using STATISTICA 13.0 software. The data showed that, based on the criteria, successful reclamation criteria were most achieved in six years (i.e. 35.63% of the 277 reclamation areas). The data also showed that, for most companies, canopy cover is the most difficult criterion to achieve. Species selection and plant spacing were factors affecting achievement of the canopy cover criterion.
Introduction
As the largest energy producer and consumer in southeast Asia, Indonesia has rich potential non-renewable (coal, oil and gas) and renewable (hydro, geothermal and solar) energy resources. Energy, including coal, is projected as one of the main streams of national income from taxable and non-taxable revenue (Ministry of Energy and Mineral Resources [MEMR] 2015) . Domestic consumption of coal increased from 76 million tonnes in 2014 to 115 million tonnes in 2018 ( Figure 1) . In response to the national energy policy, the Indonesian government improved coal production for domestic use. Coal use as an electricity source is projected to rise from 2015 to 2025. As open pit mining of coal is widely used in Indonesia, several environmental impacts need to be regulated and prevented. Hidayat et al. (2015) reported that open pit mining caused land use, morphological and landscape changes in Luwu Timur Regency.
Mine reclamation
The Good Mining Practice Implementation Guidelines (MEMR 2018) determine that mine reclamation is an activity that aims to restore and improve the ex-mining area's environmental quality and ecosystem in accordance with its land use, commencing during the mining operation phase. The mine reclamation planning process begins during the exploration phase and the mine permit applicant has to submit a mine reclamation plan and a mine closure plan before obtaining the operation permit. Figure 2 outlines the process. The mine reclamation plan includes the land use, land clearing plan, mine reclamation program, mine reclamation cost and mine reclamation criteria for success (successful criteria). Since mine reclamation aims to rehabilitate the ex-mining land based on the land use, the mine reclamation program considers the final land use as either a revegetation area or other land use. It is allowed to reform the reclamation area for cultivation or livestock, housing, tourism and water intake purposes, with the provision that it is not in the forest area.
Generally, the permit applicant includes the mine reclamation and revegetation program in the submission. The program consists of land re-contouring, soil spreading, erosion control, water management, plantation (cover crop, pioneer tree and intermediate tree species, preferably using local species) and revegetation maintenance. Revegetation maintenance includes fertilisation, pest and weed control, replanting, erosion and sedimentation control, and revegetation access control. The revegetation program is scheduled for a minimum of three years. The permit holder also submits a void management program including slope stabilisation, void safety, water monitoring and void maintenance.
Mine reclamation bond
A bond is submitted with the mine reclamation plan. The bond is based on the mine reclamation program costs, including future value. The bond is released in accordance with the percentage of the successful criteria met, which is based on periodical evaluation by MEMR. After the evaluation, the approved percentage of met criteria is translated to a percentage of the bond, the rest of which is kept in the bank. If the reclamation costs are more than the bond, the permit holder is responsible for meeting the deficiency.
Mine reclamation successful criteria
The MEMR mine reclamation annual assessment has two objectives: evaluating completion of reclamation of an area and how much of the successful criteria has been fulfilled. Achievement of these objectives is based on the mine reclamation plan submitted by the permit holder. The mine reclamation plan establishes the area which has to be rehabilitated each year. In the annual assessment, fulfilment of the rehabilitation area is evaluated against the plan. The Good Mining Practice Implementation Guidelines (MEMR 2018) determine the mine reclamation successful criteria to be achieved. This is shown in Table 1 . The formula to calculate the successful mine reclamation score is:
where: TS = total score of successful mine reclamation. AC = area completion. QA = quality achievement based on Table 1 .
In general, percentage points for land re-contouring are achieved in the first year of reclamation. Land re-contouring is performed by mining engineers and must be assessed as meeting the successful criteria before the cover crop, pioneer (fast-growing) species and intermediate/under-shelter species are planted. It is preferred that tree and plant species are local species, or introduced species that are considered as local species. Failure in land re-contouring is one factor that can inhibit successful revegetation. Therefore, the criteria that are hardest to meet are related to tree growth and plantation, revegetation maintenance and canopy cover formation.
Most permit holders propose three years as the time estimated to meet the criteria by the end of the period. Trees require sufficient time to create the canopy cover, and this can be successfully achieved in three years if there are no replanting and soil issues. Successful reclamation is depicted in Figure 3 . Figure 3 shows a mine reclamation area that was planted in 2012 and evaluated in 2018 (it needs six years to meet the criteria). Although most permit holders meet the criteria before the planned maintenance period ends, the rest of the mine reclamation cost is still their responsibility. The mine reclamation is still undertaken during operation phase so its cost deviation can be prevented.
Figure 3 Mine reclamation area that has met the success criteria, PT Indominco Mandiri, East Kutai Regency, East Kalimantan Province

Objective
The objective of this research was to define the mine reclamation period necessary to meet the successful criteria based on the Good Mining Practice Implementation Guidelines (MEMR 2018).
Methodology
Research area
Land reclamation is supervised and evaluated by MEMR, or the Department of Energy and Mineral Resources (DEMR) in the province based on the permit release. This research was conducted in 30 coal mining companies under the authority of MEMR, with a range of 6-10 areas from each company per reclamation year and a total of 277 areas (or blocks) between 2008 and 2017. The mine reclamation period for each company is based on when the permit was released and the start date of the reclamation, and differs between companies.
Data
The data used in this research is from the annual mine reclamation evaluation conducted by MEMR. The data was collected from the evaluation history of 30 coal mining companies (Coal Contract of Work/PKP2B holder) between 2009 and 2018. The data contained the percentage of success criteria met every year and the requirement period to accomplish the criteria (Table 1) . The data was also taken from revegetation areas that were rehabilitated from 2008 to 2017. Any mine reclamation issues were also collected to assist with information for improvement in the near future.
Statistics
The data analysed in this paper was the successful criteria percentage history based on the annual MEMR mine reclamation evaluation. The reclamation areas of the 30 mine companies had different numbers of blocks (i.e. areas), different starting points (by year) for their reclamation activities and different numbers of blocks that fulfilled the successful mine reclamation criteria. The total reclamation area for the 30 mine companies was 277 blocks. The data history included scores for pioneer tree plantation, intermediate/undershelter species plantation, canopy cover formation and total accomplishment. The reclamation areas (blocks) of the mine companies which had fulfilled the successful criteria were grouped by year of reclamation age: for example, 1st year, 2nd year, 3rd year, 4th year, 5th year, 6th year, 7th year and above 7th year. The data was then analysed descriptively and comparisons drawn between groups with Kruskal-Wallis ANOVA and Mann-Whitney tests using STATISTICA 13.0.
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Results and discussion
The data in Table 2 shows that pioneer trees grew rapidly and successfully (45.13%). Most coal companies cultivate Enterolobium cyclocarpum. It is fast growing and can grow on ex-mining land and enrich the soil through nitrogen fixation (Syarif 2008) . Yunanto (2018) also reported that E. cyclocarpum is selected because it can grow to more 15 metres in four years and has good canopy cover. It can grow to 30 metres in height and 3.5 metres in diameter (Husodo et al. 2014) . Paraserianthes falcataria are also planted as pioneer trees because they can rapidly grow on marginal soil in young stands (Krisnawati et al. 2011) .
Mine reclamation period to successfully meet criteria in Indonesia In general, reclamation areas require six years to meet all the criteria (Table 3 ). According to the Kruskal-Wallis ANOVA and Mann-Whitney test with STATISTICA 13.0, reclamation areas attain 100% in 5-6 years ( Figure 5 ). In general, the coal mine companies met the pioneer trees growth criteria in four years (i.e. 33.60% of the number of reclamation areas; Table 4 ). This is due to the selection of fast-growing species as pioneer trees. (Table 5) . However, statistical analysis shows that the intermediate/under-shelter tree species planting was achieved in 4-6 years ( Figure 5 ). Generally, intermediate species are planted when the pioneer's canopy cover has formed, meaning that it is planted in the second or third year following pioneer plantation. The most difficult criterion to meet was canopy cover, with only 27.44% of 277 areas fully meeting this criterion between 2014 and 2018 (canopy cover first became one of the mine reclamation successful criteria in 2014). Species selection and plant spacing are factors that may affect the complete achievement of canopy cover (Figure 4) . Figure 5 ). Completion of revegetation maintenance mostly occurred in the sixth year of evaluation with 33.33% (Table 7) . It takes 5-6 years to meet full criteria based on Kruskal-Wallis ANOVA and Mann-Whitney test statistical analysis using STATISTICA 13.0 ( Figure 5 ). Many factors impact successful mine reclamation. In general, permit holders need to consider some factors that influence this achievement. These are: Moreover, the permit holder should conduct periodical geotechnical monitoring of the slope stability, in addition to monitoring the mine reclamation areas, by both visual and instrumental methods, such as total station, radar, extensometer and inclinometer. In addition, groundwater level monitoring should also be carried out. Risk assessment and alarm threshold criteria can be applied to assess the risk level and control (DGMC 2014).
Soil content
Soil in the mine reclamation is a mixture of topsoil and subsoil that can be directly spread or temporarily stocked. Generally, soil is spread with a thickness of 30-50 cm over the reclamation area. Yunanto (2018) stated that the under 10-year-reclamation areas in East Kalimantan Province had high clay content above 38%, while the secondary natural forest has 26.18% of clay content. High clay content is well known to affect root growth pattern. A lot of work is required to solve problems with soil since it is the media of tree growth. Soil availability for mine reclamation is another issue. In many cases, the coal companies lack soil, so they plant the trees using either a potting system or direct planting, which may diminish the likelihood of successfully meeting the criteria. Good top soil management is essential because it can prevent nitrogen losses and enhance soil nutrient and microbes, and cover crop planting and drainage systems assist in erosion control (Sheoran et al. 2010 ).
Species selection
The permit holder has to decide what the appropriate pioneer and intermediate tree species and planting density will optimise canopy growth and cover. The suitability of the soil content is also a factor to consider in species selection. There are some coal companies which mainly plant the intermediate trees, but these require more time to grow in order to have biodiversity enrichment. The listed species in Table 8 are advised species to be planted on mine reclamation in forestry area. Generally, maintenance failure comes from insufficient manpower. The permit holder has to figure out how much manpower is required to conduct the maintenance program. Worker competency is also an important factor; for example, awareness of soil quality and proper species selection, especially considering pH, heavy metals, soil moisture are often deficient.
External interference
Some reclamation areas are interfered by illegal logging, illegal mining and land use modification by the land owner (people around the mining sites); for example conversion to housing, livestock, etc., before the agreement. Generally, the conversion is incidental, occurring after the tree planting, and was not reported in the mine reclamation document.
The permit holders generally schedule three years for revegetation maintenance in the mine reclamation plan; this is adequate to determine its time sufficiency. Coal companies should note that species selection and plant spacing are factors that affect successful completion of the criteria (particularly relating to canopy cover).
Conclusion
Most reclamation areas met the mine reclamation successful criteria in six years (i.e. 35.63% of 277 reclamation areas) after plantation. However, the data also showed that the companies found canopy cover the most difficult to achieve (27.44% of 277 areas). As a result, it is recommended to look at species selection and plant spacing as key the factors in successfully meeting the criteria. In addition, the factors of landslide, soil fertility, manpower sufficiency and probability of external interference also have to be overcome in order to successfully fulfil the criteria in less than seven years.
